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¸ h¶^{K%g`Oc\_yHOc|^S^`n^`KMOyMwug{wuw  |nAdMz]h^`hnudhd²JKkO)nAg`OaNÅk¢H^`KkOag`ObwuwcZ]\UO  hj\q^¯wyHnuhdA^¯Kkhj|{K










e(t) −→ 0 wudwuykykg`nAykg{hwp^`OxyMw^{K.^`g!wu|!¥[hdk
e(t) −→ e∗(t) h\yHOag_ nAg`NPOcz¤ªJKkhj\h\®wA|)|nANPykhj\`KkOazt4Zg`Oauekjw^{hdkw^{hNPO¡ºwug`Z[hdkb|)nud4^`g{nu@Oag`g{nug


























,∀t ∈ [0, T ] ¢4\`eM|!Kb^{KMw^ e∗(0) = e(0) wpdMz
e∗(T ) = 0
¢M|)wpdtHO,OawA\_hZ.|)nudM\_^`g{eM|^{Oaz¤°
e∗(t) = e∗(0) +
(









































JKkO)g{O nug{Ou¢|)nudM\`hzkO)g{hdk w÷NPnp^{hnAdkOa\{\©^{wug`AO^wpdMzµhhdk ^`n g`Oauekjw^{O ± C8Q4³¢,^`KkOF|nAdA^`g{nu
jwc ± Cp³hj\®^{g{wudM\_ nug{NbOczhd4^`n

















, λ, γ > 0,
± 4³




wA\ ‖eν(t)‖ −→ 0 ª
   	
«¬d^{Kkhj\\`Oa|^`hnud/¢kO¯g{O)yHnug`^wPz]huO)g!\_O,\_O)^npg{Oa\`ek^{\®^`nPpwphzMw^`O¯nuekgxz]hg`Oc|^[hj\_eMwu/\_Oag`unAhdk^`Oa|!K]¡
dkhji4ekOuª¸%O¯eM\`OU^{KkO¯nug!z _z]hg{Oa|^x^{nbO  ykg{Oa\{\mtHnu^`K^{KMw^^`KkO)g{Ovh\®dMn¦ Ocw^{ekg`OvO  ^{g{wA|^`hnudykg{n]|Oc\`\a¢
wudMz^`KMwp^¯^`KkO|)nud4^`g{nuO)g{g`nAgvwpd8z%|nAdA^`g{nujwc wpg{Ob|)nuNPyke]^{Oaz%eM\`hdk©nudkZ2hNwpuObNPOawA\_eMg`O)NPOadA^{\aª







































Kkhj|!K |)wudkdknp^tHOyHOag_ nug{NPOaz t[Z^{KkOO  h\_^{hdk£NPO^`KMn]z¤ª JKkOg`Oc\_ek^{\wu|!KkhO)uOcz t4Z eM\`hdM^{KkO
ykg{nuyHn4\_Ocz¦^{wA\_¥¦ eMdM|^{hnAdP nAg
^`Kkhj\|)wu\`Oxwug`Oykg{Oa\`O)d4^`Oczbhd.»hMªk¢4wpdMzPh^`KknAe]^®wpd4Zy8w^`K.ykwudkdkhdkM¢
h:ª OAª8eM\_hdk  i8ª ± Cp³h^`K











yMwug{wutHnunuhz ± ^{KkOKknug!\_OA§ \¯\`wAzkz]Oc³´^`KMOPeM\`Oaz nk|)wpOadkp^{KM\¯O)g{OPwpNPnA\_^v^`KkO.z]nuektkOPnpm^{KkOb^{g`eMO
nAdkOa\a¢h>ª OuªhdM\_^`Ocwuz£np
















nAg¯Oc\q^{hNPwp^`O.wpd[ZNPO)^`g{h|Phd] nug{NPwp^`hnud/ª & ekg,uOadkO)g!wp^`Oa|!Kkdkhji4ekOhj\,hd8z]O)yHO)d8z]O)d4^¦np^{KkOnAt[oqOc|^a§ \
\`KMwpyHOwpdMznu^{KkO|)wpNPOag{wM§ \Nbnu^`hnud/ª%JK4e8\)¢OzkndMnp^g{O)Z²nud£ykg`hnug¦¥[dknOaz]AO ± Oawuzkhdk^`n
\`Z]\q^{O)NMO  htkhh¶^qZk³¢¤wpd8z©®Owu|!KkhO)uOg{nutMeM\q^{dkOa\{\^{nO)g{g`nAg{\hd2^`KMO|awphtkg!w^{hnud©yMwug{wuNPO^`Oag{\aªxJKkO
\`nuOvg{Oai4ekhg{O)NPO)dA^hj\®^{KMw^^{KkO,nut]oqOa|^xKMwA\®^`ntHO¯g{hAhz/ª«¬d©wuzMz]h¶^{hnAd/¢]^`KkO,[hj\_eMwu@^`g!wu|!¥4hdkbO  yMnAh¶^!\
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JKkhj\
nug{¥hj\
wu\`n¯yMwug_^{hwuZ¦\`ekykyHnAg_^{Oazbt4Z¦^{KkO f®rxl  XP»MnueMdMzkw^{hnAdbeMdMz]O)gmug!wpd4^dkn8ªC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X = RX ∗ + t.
± uA³
fnAdM\_hjz]O)g^{KkOykhdkKknuONbnkz]O):ª2«¬d^`Kkhj\|)wA\_OA¢^`KkOyMg`npoqOa|^`hnudnp X ∗ wudMz X hd^`KkOdMnug{NPwuh"!)OczhNwpuO¯ykjwpdkO¯hj\g`Oc\_yHOc|^`huO)Z
m∗ = [x∗, y∗, 1]> =
1
Z∗
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eν =
(
(R − I3)X ∗ + t
) β
Z∗
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 ¸²Oykg{n6[hjz]OwU|nAdM\q^{g`e8|^`huOmykg{n[npqª  O^eM\\_^{wpg`^
t[Z.O  ykg`Oc\`\`hdk
eν

























∗ + ρ∗e′p − m∗
± 1%C6³






, β > 0,
± 1*14³
wudMz  iHª ± pA³¢]O|)wpdg{O)g{h¶^{O ± 1AA³®wu\







h\nAdkZ÷wdknug{Nwph !cw^{hnAd ¹wA|^`nAgKkhj|{KøzkO)yHO)dMzM\nud ^`KkO²g`Oc|nudM\_^{g`eM|^`hnud wpAnug{h¶^{KkN©ª














−1 wudMz ep = Kt ± 1u4³
wudMzeM\`hdk ± RA³®Z[hOaz
















































O,nut]^!wphd^`KkO,hNPyHnug`^{wpd4^g`Oawp^`hnud g{nuN  iHª ± 4A³°
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JKkhj\xz]O)NPnudM\_^{g{wp^`hnudeM\`Oa\®^{KkO,g`Oc\_eM¶^!\® g`nAN  OaNPNPwhC¯hd2rxykyHOadMz]h  r¦ª
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e = 0 (⇐=) ª xnO)uOaga¢]O,dkO)Ocz^{nykg{nuOv^`KkO¦hNPykh|aw^{hnAd©hd^{KkOnp^{KkO)gUz]hg{Oa|^{hnud


































Oag`OS|)nudM\_^`g{eM|^`Oazt[ZPhdoqOc|^`hdk  i[\)ª ± u[³
wudMz
± 4u³¯hd ± C)[³v^`nAuO^{KkO)g¦h^`K^`KkO. nAn6hdk2¹wu|^!\aª2JKkO\q^!w^{O)NPO)d4^




µ/‖µ‖ hj\wpd²ekdkh^ ± ykg{npo¬Oc|^{huO6³vw  h\¯npg`nu^{w^{hnAd/ªJKkhj\¯hNPykhOa\,hd²^`KkOhdkOciAe8wph¶^qZhd ± 4A³
AhuOad.^`KMwp^
sat(‖µ‖) ∈ [0, 1] wudMz^{KkO)d arcsin(sat(‖µ‖)) ∈ [0, π/2] ª





















































=⇒ |θ| ≤ π/2.
± uu³
JKkOag`O) nug{Ou¢k^{KkOnudkZ©\_nAe]^{hnAd©^`n ±  QA³hj\
θ = 0
¢ ∀q∗ wpdMz ∀X ∗ \`eM|!K2^`KMwp^ Z∗ > 0 ªx«¬dwAzkz]h¶^{hnud/¢t[ZwuykykZ[hdkb^{Kkh\x\`nue]^{hnAd^{n ± ]p³¢]O¯NeM\q^xK8wcuO
t = 0
ª
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x − x∗, Z
Z∗


















µ/‖µ‖ = u ¢ φ = θ ªrxj\_n8¢^{KkO^`g!wpd8\_jw^{hnAdMwp]Oag`g{nug
e′νΠ













«¬d^`KMh\¯\_h^`e8w^`hnud¢Ht[Z©eM\`hdM. nugvO  wpNPykO ± p³UwudMz©^{KkO)d ± uA³¢





sin(θ) −→ 1 wu\
θ −→ π/2 ¢]tHOa|awpeM\`OU^`KkO,\_Oc|nud8ziAe8wuz]g!wpdA^®hj\®dkO)uOag\`yHOa|h MOcz¤ªJKkhj\®NwcZOawuz.^`nP\_Z]\_^`OaN ¹wuhekg{Ouª«¬dwuzkzkh¶^{hnAd/¢A^{Kkhj\dknudk¡:hdoqOa|^`hnudz]n[Oa\mdMnp^wpn  nAg®w\q^{g{wuhAKA^_ nAg`wpg{zbyMwp^`Kykjwpdkdkhdk8ªJKkOU^!wu\`¥

















= Lv = LΛe,
± AA³
KkOag`O
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^{KkObtHO)KMw64hnAgUnu^{KkOb|)n4\_Ocz[¡ºn[nAy
\`Z]\q^{O)N ± uA³wug`nAekdMz^`KkO¦OciAeMhhtMg`hekN©ª	xOadM|OA¢8nudMZn]|)wu\_^{wutkhh^¬ZhtHO¦z]OaNPnudM\_^`g!w^{OazKkOag`OAª







































































·Z%eM\`hdk  i[\)ª ± AA³¢ ±  RA³¯wudMz\`O^_^{hdM
β = 1
h¶^{Kknuek^¦n4\`\,npAO)dkOag{wuh^qZu¢/^`KMO.hd4^`O)g!wu|^`hnud
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